Eight pigeons were trained and tested in a simultaneous same/different task. After pecking an upper picture, they pecked a lower picture to indicate same or a white rectangle to indicate different. Increases in the training set size from 8 to 1,024 items produced improved transfer from 51.3% to 84.6%. This is the first evidence that pigeons can perform a two-item same/different task as accurately with novel items as training items and both above 80% correct. Fixed-set control groups ruled out training time or transfer testing as producing the high level of abstract-concept learning. Comparisons with similar experiments with rhesus and capuchin monkeys showed that the ability to learn the same/different abstract concept was similar but that pigeons require more training exemplars.
theless, new and better tests of animal cognition have shown that many different species-including baboons, rhesus monkeys, and capuchin monkeys-as well as a parrot can learn S/D abstract concepts (e.g., Bhatt & Wright, 1992; Bovet & Vauclair, 2001; Katz, Wright, & Bachevalier, 2002; Pepperberg, 1987; Wright, Rivera, Katz, & Bachevalier, 2003; Wright, Shyan, & Jitsumori, 1990) .
The species most conspicuously absent from the list above is the pigeon-the focal species of Premack's (1978) article. To be sure, pigeons have been tested numerous times in different S/D tasks to determine whether they can or cannot learn an S/D abstract concept (e.g., Blaisdell & Cook, 2005; Cook, Cavoto, & Cavoto, 1995; Cook, Katz, & Cavoto, 1997; Cook, Kelly, & Katz, 2003; Wasserman, Hugart, & Kirkpatrick-Steger, 1995; Young, Wasserman, & Dalrymple, 1997; Young, Wasserman, & Garner, 1997; Young, Wasserman, Hilfers, & Dalrymple, 1999) . Unfortunately, the results from these experiments have been less than conclusive. Inconclusiveness has been due to difficulties in interpreting the task, potential confounds in the results (retesting transfer stimuli), partial concept learning, or a combination of these problems. Part of the problem is undoubtedly related to the difficulty in training pigeons to accurately perform an S/D task with pairs of items selected from a large training set-a task that monkeys more readily learn. This difficulty has led some researchers to use arrays of same and different stimuli to train pigeons (e.g., Cook et al., 1997; Wasserman et al., 1995) . Unfortunately, the pigeons apparently base their performance on something other than sameness or difference, because when the number of items in the array is reduced, performance decreases (Cook et al., 1997; Young, Wasserman, & Garner, 1997) . Another part of the problem is the use of severely restricted artificial stimuli (e.g., shapes and colors). The result all too often is too few unique training stimuli and transfer stimuli (e.g., Blaisdell & Cook, 2005) . The limitation on the number of transfer stimuli forces the researchers to retest the transfer stimuli (to increase the n statistic), which produces a potential confound between transfer to these stimuli (when they are novel on the first presentation) and learning new responses to them (through a history of reinforcement or nonreinforcement). Additionally, the limitation on the number of unique training stimuli often produces insufficient variation in the number of exemplars of the rule that, in turn, may translate to incomplete (i.e., partial) concept learning. Even humans require variation in the exemplars to adequately learn rules (e.g., Chen & Mo, 2004) . The problem with partial concept learning is that it is an inconclusive result. A subject that has learned an S/D concept ought to be able to perform as accurately with novel stimuli as it does with the training stimuli. If not, then it is hard to say what is controlling behavior. At least some of the behavior, some of the time, is being controlled by item-specific cues (e.g., features of the training stimuli or training pairs) and not by the relationship between a pair of items.
Our approach to minimizing these problems was to test concept learning after several expansions of the training stimulus set. This approach would have the advantage of beginning training with a comparatively small set of training stimuli so the pigeons could more readily learn the task but, at the same time, allow for the possible growth of concept learning by increasing the number of exemplars. The set-size expansion could be extended virtually without limit, should more exemplars be needed to determine whether concept learning had reached an asymptote below baseline (showing the limits of pigeon concept learning) or would eventually attain a level equivalent to its baseline performance. This rationale had previously been successful with rhesus (Katz et al., 2002) and capuchin (Wright et al., 2003) monkeys, and it might help resolve the issue of whether pigeons can learn an S/D abstract concept equivalent to their baseline performance or just partially learn it. Furthermore, by adopting many of the same procedures that had been used to test rhesus and capuchin monkeys, we could more directly compare these species in their S/D abstract-concept learning than had been previously possible.
Method

Subjects
Eight naive White Carneaux pigeons (Columba livia) participated in the experiment. At the beginning of the experiment, the pigeons were 1-7 years old. Testing was conducted 5-7 days a week. The pigeons were maintained at approximately 85% of their free-feeding weights. Free access to grit and water was provided in the pigeons' individual home cages. A 12-hr light-dark cycle was maintained in the colony room.
Apparatus
Chambers. Pigeons were tested in two identical (35.9-cm wide ϫ 45.7-cm deep ϫ 51.4-cm high), custom wooden test chambers. A fan (Dayton 5C115A, Niles, IL) located in the back wall of each chamber provided ventilation and white noise. A food hopper (Coulbourn #E14-10, Allentown, PA) containing mixed grain was accessed through an (5.1 ϫ 5.7 cm) opening centered in the front panel 3.8 cm above the chamber floor. The height of the food hopper was reduced by 2.5 cm to allow it to fit under a sliding shelf supporting the computer monitor. Pecks to the computer monitor were detected by an infrared touch screen (17" Unitouch, Carroll Touch, Round Rock, TX). The touch screen was pressure fit within a 40.6-ϫ 32.1-cm cutout in the front panel that was centered 7.7 cm from the top of an operant chamber. A 28-V (No. 1829, Chicago Miniature, Hackensack, NJ) houselight was located in the center of the ceiling and was illuminated continuously, except during a timeout.
Stimuli. Travel-slide color pictures were digitized with a Howtek Photomaster (No. 87RU, Hudson, NH) camera and a Truevision TARGA-16 processing card (Indianapolis, IN) in a 256 ϫ 256 resolution. Stimuli were presented on a 40.3-cm color monitor (Eizo T550, Ishikawa, Japan; 800 ϫ 600 pixel resolution). Stimulus displays consisted of two travel-slide color pictures (each 5.7 ϫ 3.8 cm) and a white rectangle (2.5 ϫ 2.4 cm) on a black background. The pictures were vertically aligned with a 1.28-cm gap between them. The top picture was centered 20.63 cm from the left edge and 18.75 cm from the top of the cutout in the front panel. The bottom of the white rectangle was horizontally aligned with the bottom of the lower picture with a 1.4-cm gap between them. The white rectangle always occurred on the right side of the lower picture. We composed same and different trials by quasirandomly selecting pictures from an 8-item set referred to as Apples, Buildings, Cat, Woman's Face, Flower, Glass and Pitcher, Keys, and Orangutan; these can be seen, along with examples of the displays, in Katz et al. (2002) . There were a total of 64 different displays (8 same and 56 different). The size of the display was 68.7°( vertical) and 72.9°(horizontal) as viewed from 6.5 cm (average beak length plus 3-cm distance from the screen), which was roughly the same visual angle used with the monkeys.
Experimental control. Experimental events were controlled and recorded with custom software written in Visual Basic on a Pentium personal computer. A video card (ATI 3D Rage Pro AGP 2X, Ontario, Canada) controlled the monitor. A computer-controlled relay interface (Model no. PI0-12, Metrabyte, Taunton, MA) operated the food hopper and houselight.
Procedure: Experimental Group
Preliminary training. The four pigeons of the experimental group were first trained to eat from the hopper. Next, responses were autoshaped to a white rectangle (later to become the different response area) and another white rectangle in the same position and size as the lower picture. The rectangles were presented on separate trials and randomly occurred 50 times each in a 100-trial session. A rectangle was presented for 10 s. If a peck to a rectangle occurred within the 10-s presentation, then the rectangle was removed and food presented. Either a peck or the 10-s presentation was followed by a 0.5-s, 660.6-Hz tone and the illuminated food hopper for 2-7 s (depending on the individual pigeon's metabolism and weight). A 50-s intertrial interval (ITI) followed reinforcement. Once a pigeon consistently responded to the rectangles (1-7 sessions), S/D training began.
S/D training. Initial training on the S/D task began with presentation of the upper picture alone. Following a single peck to the upper picture, the lower picture and the white rectangle were simultaneously presented along with the upper picture. If the two pictures were the same, a peck to the lower picture was correct and was rewarded. If the two pictures were different, a peck to the white rectangle was correct and was rewarded. After the choice response, the display was immediately extinguished. A correct choice resulted in the tone and reinforcement. An incorrect choice resulted in no reinforcement. A correct or incorrect choice was followed by a 15-s ITI. Starting on the fifth training session, incorrect choices were also followed by a repeat of the incorrect trial (correction procedure). On correction trials, a darkened 15-s timeout preceded the ITI. An incorrect trial was repeated until it was correct. Accuracy was based on first-trial performance only. Performance on correction trials (although recorded) did not figure in any analyses presented in this article. Over the first 15 training sessions, the number of responses to the upper picture was gradually increased to 20 pecks.
Sessions consisted of 100 trials (50 same, 50 different). The sequence of same and different trials was pseudorandomly constructed and varied from day to day. The items used to construct the displays were selected with replacement from the 8-item set. If a session was not completed within 3 hr, then it resumed the next day. Training continued until performance was 80% or better for three consecutive sessions. The correction procedure was then removed, and training continued until the same criterion was met again. Each pigeon was trained to criterion, and then transfer testing began.
Transfer testing. Transfer testing was conducted for six consecutive sessions. Each testing session contained 100 trials (90 baseline and 10 transfer). Baseline trials were the same as the training trials. There were 5 same and 5 different transfer trials each session. Only novel stimuli were tested on transfer trials. A picture was used only once during transfer testing. Thus, each complete transfer test consisted of 90 trial-unique pictures (15 pictures per session for 6 sessions). The 10 transfer trials within each session were pseudorandomly placed following Trial 7. Performance on transfer trials was reinforced identically to baseline trials.
Set-size expansion. After the first testing phase of six sessions of transfer testing, the picture set size was increased from 8 to 16 and then to 32, 64, 128, 256, 512 , and finally 1,024 pictures. Each training set retained the items from the previous training set plus an equal number of new training items. For each session, the items used to construct the displays were pseudorandomly selected from the training session's picture set size. The performance criterion for 16 items, following at least two training sessions with a correction procedure, was 85% correct. The correction procedure was then removed, and training resumed until 85% correct performance was obtained again. No correction procedure was used for the 32-, 64-, 128-, 256-, 512-, and 1,024-item sets (unless performance fell below 70% correct). Training was conducted with these sets for a minimum of three sessions along with a performance criterion of 85% correct on a single session prior to transfer testing.
Procedure: Control Groups
There were two control groups of two pigeons each: a training-control group and a testing-control group. For these control groups, the preliminary training, S/D training, and transfer testing procedures were identical to the experimental group.
Training-control group. The training-control group was trained with a fixed set of 8 items throughout training and was tested for novel-stimulus transfer at the mean times during training when the experimental group was tested. Thus, following the initial transfer test with the 8-item training set, training with the original set continued, and six additional transfer tests were then conducted at the same points in training when the experimental group (on the average) was tested. The number of 100-trial training sessions between tests was 38, 16, 27, 23, 5, and 9, which was based on the mean number of sessions trained for the experimental group at each expanded set size, respectively. The transfer stimuli were identical to those used for the experimental group. If the level of transfer in the trainingcontrol group did not progressively improve with training like the experimental group, then this result would show that simply training in the task was not responsible for any of the concept learning shown by the experimental group.
Testing-control group. The testing-control group tested whether repeated testing with novel stimuli would in itself account for the increasing level of transfer shown for the experimental group. For the testing-control group, training continued with the fixed 8-item set, just like in the trainingcontrol group, but transfer was tested only at the completion of the entire experiment. The total number of sessions included baseline sessions in which the other groups had been transfer tested. Thus, after training with one hundred fifty-four 100-trial sessions, the testing-control group was transfer tested for the first time. The transfer trials were identical to those used in the seventh test of the training-control group and the 1,024-transfer test of the experimental group. If the level of transfer for the testing-control group was the same as the final transfer by the training-control group, then this result would show that exposure to novel stimuli and reinforcement for choice responses on transfer trials could not in itself be responsible for any concept learning shown by the experimental group.
Results and Discussion
The pigeons learned the initial eight-item set task in about 30 sessions (M ϭ 2,988 trials, range ϭ 1,900 -4,500 trials). The rate of acquisition was similar to the initial acquisition of the S/D task with these same stimuli by capuchin (M ϭ 3,533 trials) and rhesus (M ϭ 4,068 trials) monkeys. Mean percentage correct, between the first (48.1%) and last (86.5%) session of training with eight items significantly increased, as confirmed by repeated measures analysis of variance (ANOVA), F(1, 7) ϭ 266, p Ͻ .0000001. Following this initial acquisition of the task, the pigeons were tested for their transfer to novel stimuli. The results from this test can be seen in the upper portion of Figure 1 and are the first open points on the individual pigeon's graphs. It is clear from this figure that these points were close to chance (50%) performance and that there was little or no evidence of transfer or concept learning. The initial near-chance transfer performance (51.3%) indicated that whatever the pigeons had learned during their initial acquisition most likely depended upon some item-specific feature(s) of the individual stimuli.
Transfer performance (open circles) increased as the set size was increased and baseline performance (closed circles) remained at a high level, as shown in the upper portion of Figure 1 . This interaction was confirmed by a two-way repeated measures ANOVA of Set Size (8, 32, 64, 128, 256, 512, 1, 024) ϫ Trial Type (baseline, transfer) on percentage correct, F(6, 18) ϭ 38.6, p Ͻ .00000001. Transfer performance increased by a substantial 33.3% across the set sizes (51.3%, 59.6%, 71.7%, 70.8%, 80.4%, 78.5%, and 84.6%, for set sizes 8, 32, 64, 128, 256, 512, and 1,024, respectively). For the 256, 512, and 1,024 set sizes, the level of transfer was equivalent to the respective baseline level, as confirmed by a two-way repeated measures ANOVA of Set Size (256, 512, 1,024) ϫ Trial Type (baseline, transfer) on percentage correct resulting in no significant effects.
Further analyses indicated that transfer performance was constant and stable across the six consecutive testing sessions at each set size, as shown by separate repeated measures ANOVA, Fs(5, 15) Ͻ 3, p Ͼ .05. Moreover, transfer on same and different trials at each set size did not differ, as confirmed by separate repeated measures ANOVA, Fs(1, 3) Ͻ 1.3, p Ͼ .38, showing that there was no bias in their performance with novel stimuli (ruling out any novelty effect). Analyses of the first session following transfer (with the newly expanded training set) showed no trends or systematic effects, as a function of how often items had been seen. This result is evidence against familiarity as the major process, otherwise interference would have produced systematic trends.
The lower portion of Figure 1 shows the number of trials, on a logarithmic scale, to reach the performance criterion for each pigeon in the experimental group (filled diamonds) at each set size along with the criterion or minimum number, as shown by dashed lines. The number of trials required to reach criterion decreased as the set size increased, as confirmed by a significant linear component with a log (base 10) transform, F(1, 3) ϭ 14.4, p Ͻ .05. The decrease in the number of trials to reach criterion indicates that the pigeons benefited from their prior learning with smaller set sizes and were increasingly relying on the relationship of the two items rather than learning the correct choice response to each of the item pairs. This conclusion would have held even if the number of unique pairs had simply doubled with a doubling of the training set, but the conclusion is actually much stronger because the number of unique pairs grew exponentially (as the square) with each doubling of the training set. Figure 2 shows the mean results for each control group compared with the mean results for the experimental group. Transfer performance across set size for the training-control group re-mained low and flat in comparison to the experimental group and essentially replicates a similar result shown for rhesus monkeys (Katz et al., 2002) . Additionally, baseline performance increased for the training-control and testing-control group but not for the experimental group. These findings were supported by a three-way mixed ANOVA of Set Size (8, 32, 64, 128, 256, 512, 1, 024) ϫ Trial Type (baseline, transfer) ϫ Group (experimental, training control) that yielded a significant three-way interaction F(6, 24) ϭ 20.4, p Ͻ .00000003. Training experience did have an increase on baseline trials across the seven transfer tests for the trainingcontrol group and across the equivalent time period for the testingcontrol group, as confirmed by a two-way mixed ANOVA of baseline performance (during transfer or equivalent), with Transfer Test (1, 2, 3, 4, 5, 6, 7) ϫ Group (testing control, training control) as factors, that yielded a main effect of baseline performance across testing, F(6, 12) ϭ 7.77, p Ͻ .001, and no other significant findings. For the training-control group, further analysis across the seven transfer tests showed there was no effect of training experience on test-trial performance, F(6, 6) ϭ 1.04, p ϭ .48.
For the testing-control group, baseline and transfer performance did not differ from the seventh transfer test of the training-control group, as confirmed by a two-way mixed ANOVA of Trial Type (baseline, transfer) ϫ Group (testing control, training control) which failed to reach a significant interaction, F(1, 2) ϭ 1.6, p ϭ .33. Furthermore, transfer performance for both pigeons of the testing-control group did not significantly differ from chance, ts(5) Ͻ 2.08, p Ͼ .09.
The lack of any appreciable transfer by both control groups rules out the possibility that training experience and/or transfer experience accounted for the transfer performance of the experimental group. Although training with a small set size of eight items produced a level of transfer equal to chance in the experimental group, it was important to rule out that extensive training with the small set of stimuli would not produce equivalent transfer during the same length of time required to learn a task with a larger set of stimuli. Without controlling for the amount of training, one cannot determine whether further training with the smaller set size would have led to a level of transfer equivalent to that obtained with the expanded set size or even a portion of the transfer exhibited by the experimental group. It was also important to rule out that repeated transfer testing could in itself produce increases in transfer because the pigeons were shown 90 novel stimuli and 60 novel item pairings during each transfer test. The training-control group experienced 420 novel item pairings (630 individual pictures) over transfer testing but showed no increases in the level of transfer across the seven transfer tests. Pigeons apparently need more than one-trial training with new stimuli and/or new stimuli combined with familiar stimuli to increase their level of transfer after being trained with a small fixed set (e.g., 8) of items.
It appears that overtraining with the eight-item set does not relinquish control by item-specific learning of item pairs but instead enhances such control, as evidenced by the increase in baseline performance for the control groups relative to the experimental group. This increase in item-specific control may actually block relational control.
General Discussion
The results from expanding the training set showed that pigeons trained in the S/D task transferred their S/D performance to novel items at a level (84.6%) at least as good as their training performance (82.1%) and both above 80% correct. This result is the first evidence that pigeons in an S/D task with two items have shown transfer equivalent to baseline. Another novel aspect of the study was the control groups that ruled out training experience and repeated transfer testing as possible confounds that might have produced the high level of transfer by the experimental group.
Both aspects of this finding (two-item performance and equivalent to baseline) help to establish (or at least indicate) that the pigeons are basing their judgments on the relationship between the items of each pair and not some other cue(s) that may happen to covary with this relationship. For example, S/D tasks that have used more than two items (e.g., arrays of items) may contain emergent perceptual features from the whole array that could form the basis for the discrimination (e.g., Cook et al., 1995; Wasserman et al., 1995) . In instances in which the number of icons was reduced to two, performance dropped to chance, showing that the discrimination was not based upon the relationship between pairs of individual icons (e.g., Young, Wasserman, & Garner, 1997) . Any pattern array features would tend to be minimized by using a single pair of pictures. The second aspect of the findings mentioned above (i.e., transfer equivalent to baseline) is important because the alternative is partial transfer. Partial transfer implies that there are multiple cues controlling behavior. For example, a recent article showed partial transfer for pigeons trained with four items (not two items, as the authors claim) to choose either a pair of identical or nonidentical shapes with distinctive colors (Blaisdell & Cook, 2005) . But the partial transfer (along with retests of transfer stimuli and questionable novelty of some colors tested) makes it impossible to evaluate whether the S/D relationship between pairs of pictures was controlling these pigeons' behavior. These problems are reduced considerably by using large sets of training stimuli and by testing transfer only once with each novel stimulus, as was done in the research of the present article.
These problems of interpretation due to partial concept learning, small training sets, and retesting transfer stimuli are not unique to the Blaisdell and Cook (2005) study. All previous S/D concept learning studies with pigeons have had one or more of these problems. One study did use a larger training set of 210 picture items and did restrict transfer testing to a single test of each novel stimulus . The pairings of items were randomly mixed three times, resulting in three separate acquisitions before training began on a delayed (1 s) S/D task. Following delayed S/D acquisition, three separate transfer tests (each separated by 12 days of training with an additional 420 stimuli in the first case and 210 stimuli in the second case) eventually revealed 72% concept learning. This transfer was the first and is the best two-item S/D transfer shown for pigeons until the present study. Nevertheless, the 72% transfer was somewhat less than baseline performance (79% correct) and thus was only partial concept learning.
The present study expands upon the Santiago and Wright (1984) study by mixing the item pairs daily and expanding the set size further, resulting in pigeons fully learning an abstract concept of same/different. In the present study, when the training set was expanded to a sufficiently large number of stimuli (i.e., 256, 512, and 1,024), the pigeons performed as accurately with novel stimuli as they did with the training stimuli. In this case, there is not any unaccounted for performance between transfer and baseline. That is, they were doing the same thing with the novel stimuli as they were with the training stimuli. To distinguish such a result from the partial concept learning described above, we have previously used the term "full" concept learning when transfer is equivalent to baseline performance and both performances are at least 80% correct (Katz et al., 2002; Wright, 1991; Wright et al., 2003; Wright, Santiago, Urcuioli, & Sands, 1984) .
Like the present experiment with pigeons, the variable of set size was previously shown to be critical in abstract S/D concept learning with capuchin and rhesus monkeys (Katz et al., 2002; Wright et al., 2003) . Mean baseline and transfer results for the pigeons in the present article are compared with that for the capuchin and rhesus monkeys in Figure 3 . This comparison is the first direct comparison of pigeons and monkeys trained with the same items, the same displays, the same choice responses, the same visual angles of the displays, the same performance criteria, the same test items, and the same degree of set-size expansions. Transfer increased as a function of set size for each species. Transfer for the two monkey species increased with set size at a similar rate, as supported by the lack of an interaction from a two-way mixed ANOVA of Set Size (8, 32, 64, 128) ϫ Group (capuchin, rhesus), F(3, 12) ϭ 1.5, p ϭ .26. By contrast, the pigeons showed a less rapid increase in transfer with the training set size than the monkeys, as supported by a two-way mixed ANOVA of Set Size (8, 32, 64, 128) ϫ Group (capuchin, pigeon, rhesus) on transfer performance showing a significant interaction, F(6, 21) ϭ 2.8, p Ͻ .038. Both monkey species had shown full concept learning by the time their set size had been expanded to 128 items, whereas the pigeons did not show full concept learning until the set was expanded to 256 items. This difference in the growth of concept learning with set size may help explain why previous S/D concept learning studies with pigeons had found only partial concept learning.
Pigeons require considerably more examples of the S/D relationship to learn the abstract concept than do monkeys. (And monkeys may need more exemplars than apes, as discussed in Wright et al., 2003.) Pigeons need to experience more examples in ever-changing combinations to be able to generalize accurately the S/D concept to novel stimuli. This requirement of more exemplars to learn fully the abstract concept does not necessarily mean that pigeons are cognitively deficient in comparison with nonhuman primates in their ultimate ability to learn an S/D abstract concept. This alleged deficiency has long been the real comparative cognition issue regarding the pigeon's ability or inability to learn an S/D abstract concept (e.g., Premack, 1978) . That pigeons require more exemplars to fully learn an S/D abstract concept than monkeys is more akin to a quantitative, than qualitative, difference in this ability. By contrast, their ultimate success in being able to fully learn this concept shows a qualitative similarity across these species (cf., Wright et al., 2003) .
Only by determining the functional relationship between concept learning and set size do such issues as partial concept learning and species differences and similarities in concept learning begin to emerge and make sense in a more global scheme of concept learning. If we had not manipulated set size, then like all the other studies of pigeon S/D concept learning, we would likely have found only partial S/D concept learning and be uncertain (like all the previous S/D research with pigeons) as to whether pigeons are capable of fully learning such a concept. These functional relationships shown in Figure 3 by these different species embody what we think are among the most important processes of abstract S/D concept learning. As these subjects experience more and more different items in even greater numbers of combinations, they learn to focus on the relationship between the items and ultimately do the same with novel items that they have never seen before.
